characteristics of these yeasts place them in the genus Bullera. The electrophoretic pattern of enzymes differs from strain to strain, which suggests that these yeasts constitute several different species. However, no distinct groups were distinguished based on enzyme patterns or other taxonomic characteristics. We group these yeasts in a single species from the practical point of view. The name Bullera variabilis Nakase et Suzuki is given to this species.
In 1985, we reported the isolation of three strains of hitherto undescribed yeasts with uniquely-shaped ballistospores from dead leaves of the Japanese rice plant, Oryza sativa (1) . Their ballistospores appeared to be rotationally symmetrical but in fact they were bilaterally symmetrical and chestnut-shaped with a hilum in the deflected position. Later we found that these yeasts also formed polygonal ballistospores which were neither bilaterally nor rotationally symmetrical in the strict sense. However, in general, the shapes of the ballistospores are rotationally symmetrical. These strains closely resembled typical Bullera species in physiological and biochemical characteristics. Similar yeasts were also isolated from Miscanthus sinensis (2) and Magnolia grandflora (3) but the frequency of isolation was not high. Succeeding examination VOL. 33 of ballistosporous yeasts living on various plant materials demonstrated that this kind of yeast is a common inhabitant of plant materials, especially plants in higher mountains or in regions with cool weather such as Canada. For example, we found these yeasts on 8 samples of 11 dead leaves of broad-leaf trees collected on Mt. Fuji (Nakase and Suzuki, unpublished data).
Electrophoretic comparison of enzymes suggested that these yeasts might constitute several different species, but clear-cut separation of such species was difficult. Further, no distinct groups were distinguished based on conventional taxonomic characteristics. We think that there is no merit to leaving these yeasts unnamed because they are common inhabitants of plants and are frequently isolated from such materials as mentioned above. Consequently, we decided to group them into a single species, Bullera variabilis, from the practical point of view. Bullera variabilis is a heterogeneous species so it may be divided into several species in the future.
MATERIALS AND METHODS
Microorganisms. The strains examined are listed in Table 1 . Fifteen strains were isolated by the ballistospore-fall method of DERx (4) from Oryza sativa (1, 3), Miscanthus sinensis (2), Sasa sp., and some other plant materials using YM agar plates (Difco Labs) as described in a previous paper (1) . Two strains were supplied by R. J. Bandoni, Canada. Several strains isolated from 0. sativa and M. sinensis were reported as Bullera sp. 2 in a previous paper (1, 2) .
Investigation of taxonomic characteristics. Most of the methods employed for the examination of morphological, physiological, and biochemical characteristics were those described in The Yeasts, a Taxonomic Study (S, 6). Assimilation of nitrogen compounds was investigated on solid media with starved inoculum as described in a previous paper (7) and confirmed by using liquid media when the indications were ambiguous. Vitamin requirement was investigated according to the method previously described (8) . The maximum growth temperature was determined in YM broth (Difco Labs) using metal block baths. Unless otherwise stated, all of the experiments were carried out at 17°C.
Analysis of xylose in the cells. Acetone-dried cells harvested in the logarithmic growth phase were hydrolyzed and neutralized as described in an earlier paper (9) . Xylose in cell hydrolyzates was analyzed by high performance liquid chromatography using a Shodex SP 1010 column (Showa Denko) with water as the mobile phase at a flow rate of 0.8 ml/min at 80°C, and a Shodex RS pak DC-613 column with acetonitrile-water (80: 20, v/v) as the mobile phase at a flow rate of 0.8 ml/min at 75 C. A refractive index monitor was used to detect carbohydrates.
Electrophoretic pattern of enzymes. The electrophoretic enzyme patterns were examined by the method of YAMAZAKI and KOMAGATA (10) as described in a previous paper (7) using cells harvested in the logarithmic growth phase.
Determination of DNA base composition. DNAs were isolated and purified But/era variabitis, sp. nov. 345 according to the procedures described in a previous paper (7). The DNA base composition was calculated from the thermal denaturation temperature of DNA (Tm). The calculated values of mol 0 G + C of DNA were corrected to the DNA from Candida parapsilosis JCM 1785 whose mol 0 G+C was 40.8(7).
RESULTS

AND DISCUSSION
Morphological, physiological, and biochemical characteristics The morphological, physiological, and biochemical characteristics of the 17 strains examined varied from strain to strain. Vegetative cells varied in shape, from almost round to long ellipsoidal. Well-developed true mycelia were often produced. In some strains, spherical, thick walled cells were produced (Fig. 1E) . The streak culture is smooth to wrinkled. In the liquid culture, many strains formed rings and sediments but some of them formed thick, fragile pellicles.
The productivity, the shape, and the size of ballistospores differ among the strains. Usually, they appear to be turbinate, ampulliform or chestnut-shaped with a hilum on the deflected position (Figs. IC, 1D) . Polygonal ballistospores such as trigonal, tetragonal, pentagonal, or rhomboid were also produced (Fig. 2) . In the strains isolated from Oryza sativa(1), ballistospores were mostly turbinate, ampulliform, or chestnut-shaped and rarely polygonal (Figs. 1 C,1 D) . Two strains isolated from Majanthenum bif olium var. dilatatum and Vitis ficif olia var. lobata produced polygonal ballistospores exclusively (Fig. 2) .
Strains NB-94, NB-154, NB-170, and NB-194 produced flat, smooth colonies and showed very poor ability to form ballistospores. They seem to constitute a natural taxonomic group different from the remaining strains. This is supported by the electrophoretic pattern of enzymes as discussed in a later paragraph. However, it is difficult to clearly distinguish these strains from other strains in biochemical and physiological characteristics (Tables 2 and 3 ). The strains examined were variable also in biochemical and physiological characteristics as shown in Tables 2 and 3 . In the assimilation of carbon compounds, variable results were obtained on lactose, erythritol, ribitol, galactitol, Electrophoretic enzyme patterns The electrophoretic mobilities of 8 enzymes from 14 strains are shown in Table  4 . The data from this table are summarized in Fig. 3 in a triangle matrix to emphasize the similarities in enzyme patterns. Strains NO-10, NB-145, NO-43, NO-11 constitute a group with similarity greater than 50%. Strains of NB-154, NB-94, NB-194, and NB-170 may constitute another group but could not be distinguished from JCM 3914 and some other strains. In 16 combinations of strains, no or very low similarities (7°c or 14%) were demonstrated (Fig. 3) . In general, the similarity matrix is very complex and no clear-cut group can be distinguished.
Some other chemo taxonomic characteristics
One strain (NO-10) was found to contain xylose in the cells. This strain was reported to have Q-10 as the major ubiquinone (1). Strains NO-10 and NO-43 have a mol 0 G + C of 55.9 and 56.9, respectively. The strain NO-i l was reported to have a mol 0 G + C of 56.5(1).
Taxonomic status of strains examined Some of the ballistospores are turbinate, ampulliform, or chestnut-shaped with a hilum on the deflected position. Some others are polygonal which cannot be expressed either rotationally symmetrical or bilaterally symmetrical. But, in general, the shape of ballistospores is "rotationally symmetrical" rather than "bilaterally symmetrical." This suggests a closer relationship of these strains to the species of the genus Bullera than to those of Sporobolomyces. The presence of xylose in strain NO-10 and the production of starch-like substances by 6 of the 17 strains also supported this supposed relationship. These strains may constitute several different species as suggested by the electrophoretic comparison of the enzymes, though it is difficult to distinguish the groups based on the similarity of the enzyme patterns. Extensive studies from the viewpoints of chemotaxonomy, ultrastructure of ballistospores, etc. are necessary before we place these strains in clearly defined species. Such studies will require a period of several years. We consider that it is not a good choice to leave such frequently encountered yeasts unnamed for several years. Therefore, we propose to group these yeasts into a single species, Bullera variabilis, for practical purposes.
Bullera variabilis Nakase et Suzuki, sp. nov.
In liquido "YM," post dies 5 ad 17°C, cellulae prope rotundae, subovoideae, ovoideae, ellipsoidales et longi-ellipsoidales, 2.5-10 x 5-12,1m, singulae aut binae. Annulus et sedimentum formantur. Pelliculum presens aut absens. In agaro "YM," post unum mensem ad 17°C, cultura stramina, glabra aut rugosa, nitida aut nonnitida, mollis aut butyracea, margine glabra aut erosa. Mycelium et pseudomycelium formantur. Cellulae sphaericae crassitunicatae tumidae formantur. Ballistosporae turbinatae, ampulliformes aut castaniformes cum hilo in positione deflexa vel polygoniae, 3.5-10 x 4-12 ,um. Fermentatio nulla. Glucosum, galactosum, saccharosum (fortasse lente), maltosum (fortasse lente), cellobiosum (fortasse lente), trehalosum (fortasse lente), melibiosum, raffinosum, melezitosum, amylum solubile, D-xylosum (fortasse lente), L-arabinosum (fortasse lente), Darabinosum (fortasse lente), D-ribosum (fortasse lente, vel lente et exiguum), Lrhamnosum (fortasse lente), galactitolum (variabile), D-mannitolum (fortasse lente, vel nullum), D-glucitolum (variabile), a-methyl-D-glucosidum (fortasse lente, lente et exiguum, vel exiguum), salicinum (fortasse lente vel exiguum), glucono-b-lactonum (fortasse lente, vel lente et exiguum), acidum 2-ketogluconicum (fortasse lente), acidum 5-ketogluconicum (fortasse lente), acidum DL-lacticum (lente, lente et exiguum, vel exiguum, vel nullum), acidum succinicum (fortasse lente, lente et exiguum, vel exiguum), acidum citricum (lente, lente et exiguum, vel exiguum, vel nullum) et inositolum (fortasse lente, lente et exiguum, vel exiguum) assimilantur at non L-sorbosum, lactonum (vel lento, vel lente et exiguum), inulinum, ethanolum,. glycerolum, erythritolum (vel lente, lente et exiguum, vel exiguum) nec ribitolum (vel exiguum). Kalium nitricum non assimilatur. Maxima temperatura crescentiae: 23-31 °C. Ad crescentiam thiaminum necessarium est. Proportio molaris guanini+cytosini in acido deoxyribonucleico: 55.9-56.9 mol%. Ubiquinonum majus: Q-10. Xylosum in cellulis presens. Holotypus: Isolatus ex folio emortuo Oryzae sativae, Chigasaki, Kanagawa Pref., Japonia, ii. 1984, T. Nakase, JCM 5275 (originaliter ut NO-10) conservatur in collectionibus culturarum quas `Japan Collection of Microorganisms,' Wako, Saitama sustentat. Stirpes examinatae in tabula prima demonstratur.
Growth in YM broth: After 5 days at 17°C, cells are various in shape. They are almost round, short oval, oval, ellipsoidal, or long ellipsoidal, 2.5-10 x 5-12µm (Figs. 1A, 1B) . They occur singly or in chains. True mycelia are also present. Usually, a ring and a sediment are formed. Some strains form pellicles. After 1 month at 17°C, a ring and a sediment are present and some strains form thick, fragile pellicles. Growth on YM agar: After 5 days at 17°C, yeast cells and true mycelia are formed. Terminal and intercalary thick walled, swollen cells appear (Fig. 1E) . After 1 month at 17°C, the streak culture is yellowish (apricot, Pompenian yellow, golden brown, yellow ochre, or topaz), smooth or wrinkled, dull or dull-shining, soft or butyrous, and it has an entire or eroded margin.
Dalmau plate culture on corn meal agar: Pseudomycelia and true mycelia are produced. They are very primitive in some strains. Formation of ballistospores: The productivity, the shape, and the size of ballistospores differ from strain to strain. Usually, they are ampulliform, turbinate, or chestnut-shaped with a hilum on the deflected position (Figs. l C,1 D) . Polygonal ballistospores such as trigonal, tetragonal, pentagonal, or rhomboid are also produced (Fig. 2) . Such polygonal ballistospores are rarely produced by the type 
